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The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates to a scintillation counter and in
particular to a scintillation counter in which a new cement
composition provides good optical coupling of the scintil-
lator to the photomultiplier tube and also to glass, quartz
and other transparent cover plates.

Many coupling media commonly used in the interface
between a scintillator and a photomultiplier tube have
reasonably good optical properties, but the seal between
them tends to loosen or become optically marred by areas
of separation and by gradual loss of coupling medium.
Such defects at the junction usually result from the use
of fluid or viscous type optical coupling media, for in-
stance, Nujol heavy mineral oil and ophthalmological
petrolatum which gradually coze or seep out from the
interface. Adhesive type materials that heretofore have
been used to affix tube and scintillator invariably have
poorer light transmission properties than the viscous and
fluid media, and such more or less permanent type ad-
hesives have the particular disadvantage that they deprive
the use of scintillator or photomultiplier tube in other
experimental setups. With permanent type adhesives,
if either tube or scintillator becomes defective, the entire
assembly becomes useless.

It is the object of the present invention to provide a
scintillation counter that employs an optical cement for
coupling the scintillator to a photomultiplier tube and
for coupling the scintillator to glass, quartz and other
transparent cover plates, in which said optical cement is
superior to coupling media of the prior art.

It is another object of the present invention to provide a
coupling cement for scintillation counters in which the
coupled scintillation assemblies containing the present ce-
ment have good light-transmitting properties and longer
operable life.

It is a further object of the invention that the novel ce-
ment for scintillators form a strong permanent bond be-
tween the coupled parts, requiring no other means of at-
tachment, and in which the mounted scintillators perform
efficiently as long as required. It is also an object of the
invention to provide for separation of scintillator and
photomultiplier by a simple nondestructive methed that
leaves both tube and scintillator intact and ready for fur-
ther use.

These and other objects and advantages will become
apparent from the following detailed description taken in
conjunction with the accompanying drawing in which—

FIGURE 1 shows a scintillation counter comprising a
scintillation phosphor cemented to the coupling window of
a photomultiplier tube; and

FIGURE 2 shows a mounted type crystal which is ce-
mented to an optical coupling window.

In accordance with the present invention a scintillation
counter is provided with a durable, transparent coupling
cement at the interface between the scintillation phosphor
and the optical window of a multiplier tube to form a
convenient and effective mounting. The stable, solid ce-
ment composition affixes the scintillator firmly to the glass
window of the tube and provides an optical medium and
a strong supporting means that will not slip or become
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loosened by vibrations, blows or temperature variations.
The cement composition consists of an epoxy resin, name-
ly the polyepoxide of glycerol and epichlorohydrin; said
epoxy resin is mixed with a diamine hardener at the time
of use, and after a certain time interval, the mixture
hardens into a clear solid cement with desired optical and
coupling properties,

The polyepoxide which has been found suitable for the
present invention contains the condensation product of
glycerol and epichlorohydrin reacted in the presence of an

- acid-acting compound as catalyst thereof, for instance,

15

20

25

30

35

40

45

50

65

80

65

70

stannic chloride, SnCly or boron trifluoride, BF;. The
proportion of reactants is about one mole of epichloro-
hydrin for each molecular equivalent of hydroxyl group
in the glycerol, and more particularly, the reaction mix-
ture contains about 1 mole of glycerol to about 3 moles
of epichlorchydrin. The polyepoxide is a pale amber,
viscous liquid having an epoxide value of about .660
equivalence per 100 grams and a refractive index at 25°
C. of 1.478. A suitable epoxy type resin, which by way
of example may be used to form the present cement, is
the Epon 1062 or (562) manufactured by the Shell Chem- -
ical Company. v

A firmly hardening and good adhering cement is formed
by adding one part by weight of a diamine, preferably, a
distilled 1,2-propanediamine, to about ten parts by weight
of an epoxy resin of the type that is referred to herein.
Initially this mixture is a liquid but hardens gradually in
about 8 hours at room temperature to a clear, non-brittle
solid. I practical grade 1,2-propanediamine is to be
used, it is preferably distilled from a drying agent, such
as, sodium hydroxide pellets, and the distilled compound
is then stored over sodium hydroxide pellets. The 1,2-
propanediamine has been selected as the cement hardener
because of its stability to light. o

Turning now to the drawing with reference to FIGURE
1, photomultiplier tube 1 has an optical coupling window
2 which in the present embodiment forms thé glass en-
velope of the tube and which may consist of fused quartz,
“Lustraglass,” “Vycor” (trade names of high silica glass)
or other glass transparent to the light emitted by the
scintiliation plastic or phosphor 3. In other scintillation
counter arrangements, a glass substitute, such as poly-
methyl methacrylate, may form the optical coupling win-
dow of the detecting tube. The scintillator 3, shown in
FIGURE 1, may by way of example consist of polyvinyl
toluene which is manufactured specifically as 2 scintillating
plastic, and is a highly transparent, colorless, inert solid,
free from air bubbles and interfering particles. The ce-
ment composition 4 at the interface or junction of scintil-
lating plastic 3 and the optical window of the tube 1 is
highly exaggerated in the drawing for purposes of illus-
tration.

The coupling cement used in the present invention is
also suitable for crystal mountings of the type which
are “potted” in moisture-tight containers, as shown in
FIGURE 2. Crystals that are readily affected by atmos-
pheric conditions must be protected from moisture, dele-
terious gases and fluids and are, consequently, mounted
and sealed in the manner shown in FIG. 2. A phosphor
crystal 5 such as a sodium iodide crystal activated with
thallium metal, Nal(TI), is mounted and hermetically
sealed in a container 7, commonly a thin-wall aluminum
can or other suitable metal, having an open end to which
an optical cover plate 8 is inserted. A mnarrow flange 13
provides supporting and sealing means for the cover plate.
The crystal is sealed and optically coupled to the cover
plate by means of a thin layer of the present cement
composition between the crystal 5 and the cover plate
8, the thickness of said cement layer is exagger-
ated at 14 for purposes of illustration. The rear edge
12 of the crystal is usually provided with a reflector
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coating, such as Al,Os; the lateral space 11 and in some
instances the space in back of the crystal may be filled:
with a mnon-absorbent material, for example, packed
alomina (AlyO;) is found suitable for this purpose.
“In applying the cement composition, the pasts to be:
cemented are thoroughly cleaned to remove all foreign.
material, a freshly prepared cement mixture of 10 parts
epoxy resin and one part 1,2-propanediamine by weight
is applied to both surface areas and the parts are then
pressed firmly together to squeeze out all excess cement
from the junction. Normally not more than about .001

in. of cement remains in a properly coupled assembly,.

although the exact amount of hardened cement present is.
not critical for successful operation of counters, spectrom-
eters and other devices which may employ coupled:
assemblies of the type described herein. The coupled
parts are allowed to harden in about 8 hours to a clear,
nonbrittle solid. While the cement is ordinarily em-
ployed at room temperature, the hardening thereof may
be effected in a shorter period, if this is desired, by heat-
ing the cemented parts to a temperature as high as 50°
C.

The refractive index of the present cement composition
is about 1,502 (at the wavelength of the sodium D line)
and this is especially desirable in view of the fact that a
nearly linear transmittance of light occurs between plastic
and glass or between crystal phosphor and glass. Light
and other radiation is transmitted more efficienily
through adjacent surfaces of materials having the same
or nearly the same refractive index. Other tramsparent
cement compositions which appear relatively transparent
have been rejected as optical coupling cements because
of such high indices of refraction that the light output
is low due to internal reflection.

The polyepoxide-diamine cement composition may be
used successfully in coupling glass to glass, glass to plas-
tic a crystal composition to glass or any phosphorescent
or fluorescent material suitable for radiation detectors,
gamma-ray spectrometers, etc, may be optically coupled
to form an extremely durable bond. The present cement
is desirably free from flow or creeping effects common
with viscous fluids or semi-solid type coupling media.
It is also mon-reactive with crystals, plastic phosphors
or with quartz. The bonded parts will not separate dur-
ing the course of operation or become optically marred
with areas of partial separation. If either the tube or
scintillator should become defective with use, the coupled
parts may be separated by allowing water to flow rapidly
across the junction or bonded area so that the bond may
be dissolved by water. The present epoxide-diamine
cement has the desirable property of being water soluble
and the bonded area may be partially dissolved to the
point where the bonds between the coupled parts are
weakened and separation occurs. For more rapid results
a scintillator material which is not deliquescent or water
soluble is submerged in warm agitated water about 40°
C. in the assembled parts may be separated in a rela-
tively short time.

Water soluble crystals enclosed in metal frames, as
shown in FIGURE 2 are separated as a unit from the
coupled detector tube, although the crystal element 5
is of course not removed from its cover plate 7 in this
manner. It is axiomatic that mounted crystals whkich
employ the present composition do not loosen or be-
come partially separated in time which commonly oc-
curs with an. oil or grease coupling medium. Fluids
which have been employed as coupling media usually
seep through the sealer, and areas of separation appear
between the cover plate and the crystal. Mounted crys-
tals therefore that employ the present cement composi-
tion have considerably longer operable lift.

Scintillation assemblies that are coupled with the epoxy
resin and diamine cement in accordance with the teach-
ings of the present invention when compared with scintil-
lators that employ heavy mineral oil or ophthalmological

4

-petrolatum demonstrate a considerable improvement over
the previous devices. For purposes of comparison, crys-

" tal scintillators were mounted to a photomultiplier tube
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with three different coupling media: (1) polyepoxide-
diamine cement of the present invention, (2) Nujol heavy
mineral oil, and (3) ophthalmological petrolatum and
the coupled assemblies were then inserted in a scintil-
1ation counter to determine the pulse height performance
in each instance. The polyepoxide-diamine cement and
the mineral oil produced pulse heights higher than those
obtained with the ophthalmological petrolatum. Essen-
tially identical pulse height data were obtained for the
present cement composition and the mineral oil with
standard mounted sodium iodide crystals activated with
thallivm metal, 134 in. dia. by V2 in. long, with the same
mounted crystal in a Lucite light pipe and also with poly-
vinyl toluene phosphor 134 in. diameter by 1% in. long.
However, when a sodium iodide crystal activated with
+thallium is mounted with the present cement composition,
it shows considerable improvement in pulse heights that
-were as much as 20% higher than the standard mounted
NaI(TI) crystals that contain fluid media.

Various modifications are contemplated and may ob-
wviously be resorted to by those skilled in the art without
departing from the spirit and scope of the invention, as
‘hereinafier defined by the appended claims, as only. pre-
ferred embodiments thereof have been disclosed.

What is claimed is:

1. A scintillation counter having an optical detecting
element and a scintillator, a radiation transparent win-
dow in said element, a light-transmitting surface on said
scintillator, said detecting element being bonded to said

- scintillator by a thin layer cement at the imterface be-
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tween said window and said surface, said cement being
formed with a liquid epoxide and a diamine hardener,
said epoxide being the condensation product of glycerol
and epichlorohydrin.

2. A scintillation counter as claimed in claim 1 in
which said cement consists of the condensation product
of glycerol and epichlorohydrin in a mole ratio cf about
1 to 3, respectively, and of 1,2-propanediamine.

3. A scintillation counter having a photomultiplier
tube and a scintillation phosphor, said photomultiplier
tube being bonded to said phosphor by a thin layer ce-
ment at the interface between said tube and said phos-
phor, said cement being formed with 10 parts by weight
of the condensation product of glycerol and epichloro-
hydrin and 1 part by weight of 1,2-propanediamine, as
the hardener therein.

4. A scintillation counter as claimed in claim 3 in
which said product has an epoxide value of about 0.660
equivalence per 100 grams.
© 5. A radiation detector comprising a photomultiplier
tube, a crystal phosphor and a detecting circuit including
said tube, said crystal phosphor being bonded to said
tube by a thin layer cement, said cement being formed
with 10 parts by weight of a liquid epoxide and 1 part

. by weight of 1,2-propanediamine, said epoxide being the

60

65

70

75

condensation product of glycerol and epichlorohydrin.

6. A scintillation phosphor comprising a crystal ele-
ment enclosed in a radiation permeable envelope, a win-
dow in said envelope having a tramsparent cover plate
mounted thereto for transmitting light through said enve-
lope, a light-transmitting surface of said element in close
proximity to said plate, a cement layer bonding said plate
to said surface of said element, said cement being formed
with a liquid epoxide and a diamine hardener, said
epoxide being the condensation product of glycerol and
epichlorohydrin.

7. A scintillation phosphor comprising a crystal en-
closed in a radiation permeable container, a window in
said container having a transparent cover plate sealed
thereto for transmitting light through said container, a
light-transmitting surface of said crystal in close proxim-
ity to said plate, a cement layer bonding said plate to
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said surface of said crystal, said cement consisting of
10 parts by weight of the condensation product of glyc-
eral and epichlorohydrin and 1 part by weight of 1,2-
propanediamine.
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